Sodium-lithium countertransport (Na-Li CT) is associated with blood pressure (BP) and in many crosssectional investigations and some longitudinal studies, essential hypertension has been proposed as a biochemical marker or predictor of hypertension risk in adults. The present study investigated prospectively whether baseline Na-Li CT rate was an index of increased risk of future development of hypertension in children. At baseline visit in 1987 of the Hanzhong Children Hypertension Study comprising 4000 school children aged 5-6 years old, 310 samples were randomly selected for measurement of baseline Na-Li CT rate; we made a 10-year follow-up of them in the same season in 1997. This cohort of children is the sample for analysis in the present report. Baseline Na-Li CT rate was positively correlated to systolic BP (SBP) both in baseline and follow-up (baseline, c ¼ 0.21, Po0.05; follow-up, c ¼ 0.32, Po0.01), and positively correlated to diastolic BP (DBP) (c ¼ 0.20, Po0.05) and body mass index (c ¼ 0.18, Po0.05) in follow-up examination. Longitudinal analysis of 10-year BP evolution, children in higher baseline Na-Li CT (ie, 4260 lmol\l RBC/h) had greater BP change than children in lower baseline Na-Li CT (ie, p260 lmol/l RBC/h) (SBP, 15.8712.9 vs 19.3713.1, DBP 8.8711.2 and 11.3710.6, Po0.05). Multiple logistic regression analysis showed that children in the higher Na-Li CT (4260 lmol/l RBC/h) were associated with approximately 1.5 times greater risk of high BP) in comparison to placement in lower Na-Li CT (p260 lmol/ l RBC/h). Elevated baeline RBC Na-Li countertransport could be a risk predictor predisposing to the development of hypertension in children.
Introduction
Sodium-lithium countertransport rate (Na-Li CT) is a membrane transport system usually measured as sodium-dependent Li efflux from Li-loaded RBC. 1 Among alterations in sodium ion transport in patients with essential hypertension, an increase in erythrocyte Na-Li CT has been one of the most consistently documented findings. Based on the evidence of higher Na-Li CT activity in patients with essential hypertension and their normotensive offspring [2] [3] [4] [5] and increased levels usually not found in patients with secondary forms of hypertension, 6 Na-Li CT has been proposed as a biochemical marker of essential hypertension 7, 8 although its physiological role and relation to hypertension has not been fully clarified.
The majority of the studies exploring the relationship of Na-Li CT to human hypertension have been cross-sectional, population-based observations or case-control investigations comparing hypertensive vs normotensive individuals. 9, 10 Very few studies have tried to identify prospectively whether Na-Li CT predicts the risk of future hypertension and their results have been controversial. [11] [12] [13] [14] Particularly, no studies have presented data on this matter in children. Is elevated Na-Li CT rate in children an index of increased risk of future development of hypertension? In this report, we aim to provide an answer to this question by analysing a data set from the Hanzhong Children Hypertension Study, a prospective investigation on the risk factors predisposing to essential hypertension in children in Hanzhong town, China, to explore whether baseline Na-Li CT was significantly and independently related to blood pressure (BP) increase and development of hypertension in children.
Materials and methods

Study design
Data were set from the Hanzhong Children Hypertension Study. All the children were selected from several mountainous villages of Hanzhong, China. In March and April 1987, we carried out a baseline examination of BP and related factors of 4916 school children aged 5-6 years old. At this time, baseline Na-Li CT rate was measured in a randomly selected sample of 314 studied children. This programme was approved by the Committee of Science and Ethics (CSE) in our University hospital. To assure the ethical aspects of this research, before blood sample collection, we called together these children and their parents and every children was asked to sign an informed consent under their guardians' agreement. None of the children and their guardians rejected participation in this study. Of the 314 children, four did not have valid measurement of baseline Na-Li CT due to technical reasons. Therefore, the entire Na-Li CT cohort comprised 310 children. This group of children was the sample for analysis in the present report. We made a 10-year follow-up of them in the same season in 1997; 295 children were followed, seven were moved away to another place, four lost to follow-up, two were not willing to participate, one was dead, and one child determined as secondary hypertensive was excluded. Therefore the response rate at follow-up for surviving baseline children was 95.2%.
Blood pressure measurements
All investigators were trained and certified according to the introduced WHO criteria for BP and anthropometric measurements. At baseline and follow-up, the examinations were performed in the morning, after the children had been fasting for at least 12 h, in a quiet and comfortable room at Hanzhong hospital. Body weight and height were measured with a standard beam-balance scale and an attached ruler, the children wearing light indoor clothing and no shoes. BMI was calculated as weight in kg/(height in m 2 ). BP was measured after the children had been sitting in the upright position for 10 min. A mercury sphygmomanometer with several choices for size of cuff was used. After selecting the appropriately sized cuff, that could completely encircle the arm without overlapping, the cuff was applied snugly around the arm with the lower edge above the cubital space and was inflated to about 30 mmHg above the points at which the radial pulse disappeared. The pressure within the cuff was then released at a rate of about 2-3 mmHg/s while auscultation was performed over the brachial artery. The first sound of Korotkoff was taken as the systolic pressure and the fourth phase as diastolic pressure. Three measurements were usually performed for calculating the mean values, each of the measurements were performed every other minute. Medical history and BP of the first-and second-degree relatives of all the children were obtained by direct interview and having measurement. Children with one or more relatives who had essential hypertension, were defined as having positive family history (FH) of hypertension group.
Measurement of red-cell Na-Li CT rate A fasting venous blood specimen was obtained for the determination of red-cell Na-Li CT rate (RBC Na-Li CT). The Na-Li CT rate was determined on the principle of Na-dependent Li efflux from Liloaded red blood cells according to the method of Canessa et al, 1 with a minor modification. Briefly, 6 ml of blood for analysis was obtained, drawn into chilled vacuum tubes containing heparin, and processed within half an hour. The red cells were separated by means of centrifugation at 10 000 Â g for 5 min at 41C, and the plasma and buffy coat were removed by suction. The cells were then washed three times with an isosmotic solution containing choline chloride (149 mmol/l choline chloride, 1 mmol/l MgCl 2 , 10 mmol/l Tris-MOPS). After the final wash, the supernatant was aspirated and discarded. A volume of 1 ml of packed cells was suspended in 10 ml of loading solution (150 mmol/l LiCl, 15 mmol/l glucose, 10 mmol/l Tris-MOPS buffer) and incubated at 371C for 3 h. At the end of incubation, cells were washed four times with choline chloride washing solution (41C). After the final wash, the supernatant was aspirated and discarded. Packed cells were suspended in an approximately equal amount of choline washing solution. A measure of 0.50 ml of the approximate 50% suspension was placed in each of the two tubes containing the efflux media (sodium-enriched media: 150 mmol/l NaCl, 1 mmol/l MgCl 2 , 10 mmol/l Tris-MOPS, 10 mmol/l glucose, 0.1 mmol/l ouabain; sodium-free media: 148 mmol/l choline chloride, 1 mmol/l MgCl 2 , 10 mmol/l Tris-MOPS, 10 mmol/l glucose, 0.1 mmol/l ouabain). Samples of 1.5 ml were taken from every flask after 0, 30, 60, 120 min of incubation. The cells were separated by centrifugation for 1 min in an Eppendorf microfugal. The supernatant was carefully removed to a plastic tube for analysis of lithium, by atomic absorption spectrophotometry. The Na-stimulated Li efflux was calculated by subtracting efflux in sodium-free medium from efflux in sodium-enriched medium and making the linear regression of Li loss on the above times. Curves were accepted only when the regression coefficient exceeded 0.96. Technical error and day-to-day within-individual coefficient of variation were consistently below 10% over the course of the study. The Li efflux rate (Na-Li CT rate) was expressed in mmol/(l RBC h À1 ).
Statistical analysis
Statistical analysis was performed using the Statistical Package for the Social Sciences (SPSS-PC). Unpaired Student's t-test was used as appropriate to evaluate differences in the mean values of specified variables between groups, differences in proportions between two groups were tested by w 2 analysis. Pearson's linear correlation was used to test the univariate associations of Na-Li CT with the other variables under study. Multiple logistic regression analysis was used to test the ability of selected variables measured at baseline to predict the risk of high blood pressure (HBP) in future. Two-tailed values of Po0.05 were taken as statistically significant.
Generally, the percentiles of systolic BP (SBP) or diastolic BP (DBP)XP 95 on gender and age were defined as HBP in children. We adopted the criterion in the study.
All data were expressed in terms of mean7s.d. (x7s).
Results
Baseline characteristics for 295 children included in the analysis of the cohort was given by sex in Table 1 . At baseline (1987) , it tended to have higher mean values of Na-Li CT rate in girls than in boys (boys, 252.67102.4 mmol/l RBC h À1 and girls, 270.17 97.8 mmol/l RBC h À1 ) although this difference was not statistically significant. Values of SBP, DBP pulse rate, body mass index (BMI) were not significantly different between boys and girls.
During the 10-year follow-up period, the cohort children's SBP increased by an average of 17.5 mmHg, DBP increased by an average of 10.2 mmHg and BMI increased by 3.2 kg/m 2 , whereas pulse rate decreased ( Table 2) .
Correlation of Na-Li CT to variables was analysed. Tables 3 and 4 showed correlation matrix of baseline Na-Li CT rate with specified variables. Baseline NaLi CT rate was significantly and positively correlated to SBP both in baseline and follow-up examination (baseline,
Longitudinal analysis of BP evolution
All children were divided into two groups by baseline Na-Li CT level (Table 5 ). Group I with Na-Li CT above the cutoff level (ie, 4260 mmol/l RBC h À1 ) and Group II with Na-Li CT below the cutoff level (ie, p260 mmol/l RBC h À1 ). It was shown, during this follow-up period that the change degree of BP was related to baseline Na-Li CT level, children in elevated distribution of baseline Na-Li CT had greater BP change than children in lowered baseline Na-Li CT (SBP, 15.8712.9 vs 19.3713.1, DBP, 8.8711.2 and 11.3710.6, Po0.05).
Multiple logistic regression analysis was performed to asses the relative influence of baseline RBC Na-Li CT, age, BP, BMI, FH on the risk of HBP during the follow-up visit in 1997. HBP was defined as the percentile of SBP or percentile of DBPXP 95 on age and gender. Two different models were used with the alternative inclusion of systolic or diastolic pressure (Table 6 ). They confirmed that BP, Na-Li CT, BMI and FH were significantly related to the risk of HBP at follow-up with baseline SBP or DBP in the analysis. In particular, placement in the higher Na-Li CT(4260 mmol/l RBC h À1 ) was associated with approximately 1.5 times greater risk of HBP in comparison to placement in lower Na-Li CT (p260 mmol/l RBC h À1 ). It was further found that in the 10 years, among the 150 children with higher Na-Li CT rate (ie, 4260 mmol/l RBC h À1 ), 27 children (18%) kept P SBP more than 90, 36 children (24%) rose from P SBP less than 50 to more than 90; however, among the 145 children with lower Na-Li CT rate (ie, p260 mmol/l RBC h À1 ), 102 children (70%) remained P SBP less than 50 during this period. 
Discussion
Hypertension is one of the major chronic epidemiological diseases in the world. The literature indicates that essential hypertension may have its onset in childhood. 15, 16 Increasing attention is directed to investigate characteristics of BP in children and identify predictors of future hypertension at a young age for decades. [17] [18] [19] [20] It is important to identify those predictors of hypertension that will allow prediction of those in whom hypertension could develop, even in advance of the increase in BP. Such predictors, it is hoped, would allow for the early identification and targeting of 'at risk' individuals for therapeutic or, preferably, preventive interventions. In our previous studies, 21 a FH of hypertension, BMI, baseline BP and sodium sensitivity are detected, as risk factors in children with potentially developing hypertension, however, few biochemical markers of these have been determined uptil now.
Numerous studies have shown higher mean values of Na-Li CT in patients with essential hypertension than in normotensives, and higher rates of Na-Li CT in normotensive offsprings of hypertensive parents than in normotensive parents. Na-Li CT has proposed that a phenotype may serve as a predictor of elevated BP or susceptibility to the development of essential hypertension in crosssectional, population-based and case-control clinical studies. [22] [23] [24] However, there were limited long- Na-Li countertransport and hypertension in children J Mu et al itudinal data to identify prospectively the relationship between Na-Li CT activity and the predictive value of future hypertension. The first longitudinal data on this matter, Utah Study reported that for its whole cohort, baseline Na-Li CT rate did not relate to 7-year incidence of being placed on antihypertensive drugs, as ascertained by a questionairre answered by 67% of the originally nonhypertensive participants. 12 The Gubbio Study presented in 1997, over a 6-year period in a large adult population sample in central Italy, reported that the incidence of hypertension was higher in individuals with baseline Na-Li CT rate in the upper quartile than those in the three lower quartiles. 13 Another recent prospective study focused on the relationship between baseline Na-Li CT and development of hypertension indicating that, 14 high-normal BP and elevated RBC Na-Li CT were both significant and independent predictors of future development of hypertension during an 8-year follow-up in a group of middle-aged men of 22-57 years. However, all the participants involved in these study cohorts are adults or middle-aged men. Since, essential hypertension originates from childhood, it is very important to investigate, by long-term follow-up in children, if Na-Li CT could be a predictor for future hypertension. To our knowledge, this is the first prospective cohort study to investigate the relationship between Na-Li CT and BP evolution in children from the general population.
The ongoing Hanzhong Children Hypertension Study offered a good opportunity to investigate the prospective relationship between Na-Li CT rate and BP evolution in children. In the analysis of the available data set, we aimed to answer the question of whether the rate of Na-Li CT may or may not be of practical value in predicting the risk of future hypertension in children. Our data confirmed for the first time that baseline Na-Li CT rate is a significant predictor of HBP, after a 10-year followup in children. Incidence of HBP was also related to baseline values of BP, BMI and FH of hypertension. The relation between baseline Na-Li CT and incidence of HBP remained significant in multivariate analyses for the whole cohort. The 10-year follow-up of BP evolution showed that children with higher Na-Li CT (4260 mmol/l RBC h À1 ) were associated with approximately 1.5 times greater risk of HBP in comparison to those with lower Na-Li CT (p260 mmol/l RBC h À1 ). The BP evolution is generally manifested by a 'tracking phenomenon', baseline BP (particularly systolic pressure in children) was a significant predictor of the risk of the development of hypertension. Those who will become essential hypertensives tend to have, at any time earlier in their life, a BP value in the upper part of distribution or at a higher percentile for their gender and age. [15] [16] [17] [18] 25 In this children cohort, the values of Na-Li CT rate at early ages were correlated with BP elevation after a 10-year follow-up. Children with higher Na-Li CT rate at baseline kept or rose their P SBP to a higher percentile at the end of follow-up. It was therefore suggested that if the 'tracking phenomenon' of BP continues to adulthood, elevated baseline RBC Na-Li CT rate in children could be a risk predictor for predisposal to the development of hypertension in the future.
The mechanism(s) of the association between NaLi CT and risk of hypertension is not yet well defined. It is not clear whether an abnormal countertransport activity is the expression of a genetic defect aetiologically related to hypertension or of a genotype that is associated but not causally related to hypertension. In fact, evidence that high Na-Li CT relates to risk of hypertension does not necessarily prove that Na-Li CT activity is relevant to the mechanism of hypertensive disease. 3, 4 Since, high Na-Li CT activity could be a marker of other processes relating to a prehypertensive condition. 13 Na-Li CT is heritable, but it also relates to environmental factors. The specific physiological role of Na-Li CT is not yet defined despite evidence that it relates to Na-proton exchange activity 26, 27 and indices of renal tubular Na reabsorption rate. 28, 29 Theoretically, high Na-Li CT could reflect altered vascular smooth muscle function, wherein Naproton exchange modulates growth and contraction, and/or low renal Na exchange potentially involved in BP elevation. 1, 30 In summary, this longitudinal cohort study in children showed for first time that RBC Na-Li CT activity could be an independent risk predictor of the development of hypertension in the future. Nevertheless, in this study the cohort children were followed up merely to 15-16 years old; we could not affirm that most of the children with BP value at higher percentiles (HBP) at present would develop to hypertension in adulthood. Therefore, continued follow-up of our children study cohort till adulthood and investigation of other metabolism factors involved are needed to reinforce these results.
